Introduction This review assesses the presentation, management, and outcome of delayed postpancreatectomy hemorrhage (PPH) and suggests a novel algorithm as possible standard of care. Methods An electronic search of Medline and Embase databases from January 1990 to February 2010 was undertaken. A random-effect meta-analysis for success rate and mortality of laparotomy vs. interventional radiology after delayed PPH was performed.
Introduction
Despite the fact that modern pancreatic surgery has successfully evolved during recent years, postoperative hemorrhage still represents an important source of concern after major pancreatic resection. Together with delayed gastric emptying, pancreatic fistula and intraabdominal infections (i.e., abscess formation), bleeding complications mainly contribute to the high rate of postoperative morbidity after pancreatic surgery. [1] [2] [3] [4] [5] Standardized definition and classification of postpancreatectomy hemorrhage (PPH) have been lacking until recently. In consequence incidences and mortality rates in the literature reveal a large range from 2% to 18% and 15% to 60%, respectively. 1, [3] [4] [5] [6] [7] [8] To overcome these shortcomings, the International Study Group of Pancreatic Surgery (ISGPS) proposed a new classification of PPH based on time of onset, location, and severity of hemorrhage. 9 Early PPH within 24 h postoperatively is generally caused by a technical failure of appropriate hemostasis at anastomotic sites, e.g., suture lines and resection area, or by an underlying perioperative coagulopathy. 6 Delayed PPH after the first postoperative day, is related to ulceration of gastroenteral anastomosis (marginal ulcer), leakage of venous anastomosis after portal vein resection or, more importantly, to erosion of peripancreatic vessels. Stepwise erosion of the celiac trunk and the superior mesenteric artery induces pseudoaneurysm formation that may subsequently rupture.
While early bleeding can be treated rather easily, delayed PPH is more difficult to manage. Since typical clinical signs such as sentinel bleeding heralding pseudoaneurysm formation may be lacking, early diagnosis may not be possible. However, prompt diagnosis and treatment are crucial factors determining successful outcome. During recent years, interventional radiology and gastroenterology offered new approaches for the treatment of various postoperative complications after major pancreatic surgery, and have challenged surgery as rescue procedure.
The aim of the study was to assess the clinical presentation, management, and outcome of delayed PPH by systematically reviewing the current literature, and to provide a novel algorithm as a possible standard of care.
Methods

Literature Search Strategies
An electronic search of Medline and Embase databases was performed using different keywords: pancreatectomy, duodenopancreatectomy, pancreaticoduodenectomy, pancreatic resection, postoperative bleeding, postoperative hemorrhage delayed bleeding, delayed hemorrhage, arterial bleeding, arterial hemorrhage, risk factor, pseudoaneurysm, pancreatic fistula, sentinel bleed, angiography, transcatheter arterial embolization, coil embolization, covered stent, and stent graft. Terms were searched both in isolation and in combinations (Boolean operators). The search terms were identified in the title, abstract or medical subject heading. In addition, hand-searching of electronic links to related articles and of references of selected studies was performed.
Inclusion and Exclusion Criteria
Only original articles that evaluated the outcomes of delayed PPH were included. Delayed PPH was defined, in accordance to the recently published ISGPS classification, as a postoperative bleeding occurring more than 24 h after major pancreatic resection. 9 The term "pancreatic resection" includes all of the following procedures: pyloruspreserving or classical pancreaticoduodenectomy, pancreatic left (tail) resection, duodenum-preserving pancreatic head resection, pancreatic segment resection, or total pancreatectomy. Studies that evaluated outcomes after other pancreatic procedures such as necrosectomy and pancreatic transplantation were excluded.
We decided to exclude review articles, studies with less than ten patients, experimental studies, case reports, as well as studies that were only reported as abstracts or letters. Only articles published in English between January 1990 and February 2010 were included.
Data Extraction and Analysis
Summaries and abstracts of each identified publication were screened for exclusion criteria. Only publications, which fulfilled the inclusion criteria and addressed the clinical questions of this analysis, were further assessed. Each of these publications was independently and thoroughly reviewed by D.R. and M.S. Relevant data including authors, title, study design, methodology, main results, and conclusions were extracted and documented on a separate data sheet developed a priori for each publication.
Excel (Microsoft Corp.) was used for all data collection and tables. The meta-analysis was performed by using Review Manager, version 5.0 (The Cochrane Collaboration) according to its instructions. The Mantel-Haenszel method was used to combine the odds ratio by mean of a random-effect model. An odds ratio of less than 1 favored laparotomy, and the point estimate of the odds ratio was considered to be statistically significant at the level of P<0.05, if the 95% confidence interval did not include the value 1.
Results
The literature search retrieved 1,357 publications. Of these, 1,319 were primarily excluded because they were not relevant (1, 303 : no outcome data reported, duplicated data, letters and abstracts only), included less than ten patients (10), or were review articles (6) . The remaining 38 publications were fully assessed. Another 23 articles were excluded due to incomplete data (11) , insufficient number of patients (six), duplicated data (one), lack of relevance (four), or patient inclusion operated before 1980 (one). Finally, 15 studies with 7,400 patients were included for final analysis (Fig. 1) . In total, there were 248 patients with delayed PPH (Table 1 ). All included articles were retrospective case series; eight of them presented prospectively collected data. No randomized controlled trial was found.
Onset of Bleeding
All studies, except two 10, 11 which applied the 24-h cut-off defined by the ISGP definition, used different time points to determine delayed PPH. Six studies 2, [12] [13] [14] [15] [16] used the fifth postoperative day, another five studies [17] [18] [19] [20] [21] used the seventh postoperative day, and the two remaining studies 22, 23 , in which all of their PPH occurred after the first postoperative week, did not specify any cut-off as time point.
Incidence, Clinical Presentation, and Risk Factors
There were 248 patients with delayed PPH out of an overall group of 7,400 patients who underwent pancreatic resection. However, five patients were excluded from the incidence calculation since pancreatic resection was performed outside the index hospital.
14,21 Therefore, the overall incidence of delayed PPH was 3.3% (243/7,400), ranging from 1.6% to 12.3% among the included studies. While the incidence was 4.5% in studies considering the ISGP definition as time point, studies using the fifth and seventh postoperative day revealed an overall incidence of 2.8% (range 2.0-4.9%) and 3.4% (range 1.9-8.7%), respectively.
Onset of delayed PPH revealed an overall median range of 13 to 27 days postoperatively. The most frequent localization of bleeding was the abdominal cavity in 58% (106/182) of cases, followed by the gastrointestinal tract in 35% (64/182). Seven percent of delayed PPH (12/182) occurred in both the abdominal cavity and the gastrointestinal tract. Sentinel bleeding heralding a PPH was observed in 45% (54/119) of cases. Only three studies 14, 22, 23 with a total of 23 sentinel bleedings described their location: 15 were coming from abdominal drains, and eight were originating from the gastrointestinal tract.
A pancreatic leak was found in 78 of 156 patients (50%) with delayed PPH. When cumulating both pancreatic and biliary leaks with intraabdominal abscess, the prevalence of intraabdominal complications reached 62% (96/156). Among five studies analyzing risk factors of PPH, 2, 11, 12, 17, 20 only pancreatic leak was always found to be an independent risk factor. Biliary leak and intraabdominal abscess were also significant prognostic factors in four of these publications. 2, 11, 12, 17 Balachandran further identified male gender, Potentially relevant abstracts identified and screened for retrieval (n=1357)
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Articles excluded because of failure to meet inclusion criteria (n=23) Fig. 1 Flow chart of systematic search longer duration of jaundice, and duct-to mucosa type of pancreaticojejunal anastomosis. 17 Neither the type of operation, 2, 11, 12 nor a duration of surgery of more than six hours, 17 nor a lymph node dissection, 2,12 could be identified as risk factors predicting bleeding after pancreatic resection.
Diagnostics and Site of Bleeding
The diagnostic procedures employed after the development of delayed PPH were endoscopy, angiography, and computed tomography (CT). The frequency and the sensitivity of the CT were not systematically reported in the included studies. When reported, 2,11-13,15,16,18-23 a diagnostic angiography was performed in 55% of the patients with delayed PPH (113/206). The main reason for not performing a diagnostic angiography was hemodynamic instability. The bleeding source could be localized in 88% (99/113) of cases. An endoscopic approach, when precisely numbered, 15, 21, 23 was used in ten out of 52 patients. The use of endoscopy was restricted to gastrointestinal bleeding. When documented, [11] [12] [13] [14] 16, 18, [21] [22] [23] the anatomical site of bleeding (Table 2 ) determined either after angiography, endoscopy, or relaparotomy, was as follows: eroded or ruptured visceral arteries in 66% (101/154), the pancreatic stump in 12% (18/154), and the entero-jejunostomy in 6% (9/154) of cases. The exact bleeding location could not be determined in sixteen out of 154 cases (10%). Among visceral arteries, the most frequent source was the gastroduodenal artery, representing 50% (50/101) of all arterial hemorrhage. The common hepatic artery was implicated in 21% (21/101) and the proper hepatic artery and its branches in 11% (11/101).
Treatment and Outcome (including mortality)
The first-line treatment of delayed PPH was either interventional radiology (coil embolization or covered stenting) or laparotomy. Among the 215 patients with reported first-line treatment, 2, [11] [12] [13] [14] [15] [16] [18] [19] [20] [21] [22] [23] interventional radiology was attempted in 39% (83/215) of cases, and the laparotomy approach was chosen in 53% (114/215) of cases. The 18 remaining patients were either treated conservatively or endoscopically. There was one study including 11 patients for whom no radiological treatment was performed.
14 Hemodynamic instability, which was quantified in four studies, occurred in 34 out of 51 patients. 2, 14, 18, 20 This was the main criterion for surgical approach in these studies. When a radiological approach was taken, arterial coil embolization was most commonly used (95%). The implementation of a covered stent in case of bleeding from the hepatic or the superior mesenteric artery was described in four patients. 11, 18, 21 Regarding the surgical approach, a completion pancreatectomy was undertaken in 41% (20/49) as documented in seven studies. 2, 14, 18, [20] [21] [22] [23] Half of these completion pancreatectomies (n=10) were described in a single study. 2 Other interventions including hemostasis and arterial ligature were undertaken in 59% (29/49) of cases.
The documented outcomes after the first-line treatment 2,11-13,21-23 are shown in Figs. 2 and 3 . The intervention was considered as successful when complete hemostasis was achieved at the end of the procedure. The success rate of laparatomy was 76% (34/45) and 80% (48/ 60) in interventional radiology. On statistical analysis, there was a tendency favoring laparotomy in term of success rate (Fig. 2) , without reaching stastistical significance (P=0.35). The mortality rate of the patients having 2  9  2  2  1  2  Total  101  18  9  10  16  Relative amount  66%  12%  6%  6%  10% PPH postpancreatectomy hemorrhage, GDA gastroduodenal artery, CHA common hepatic artery, PHA proper hepatic artery, SA splenic artery, SMA superior mesenteric artery, PS pancreatic stump, EJ enterostomy initially undergone a laparotomy or a radiological intervention was 47%, and 22%, respectively. On metaanalysis, there was a statistically significant difference (P=0.02) in favor of interventional radiology in term of mortality after PPH (Fig. 3) . The overall mortality rate of delayed PPH was 35% (87/ 248). Reported causes of death were hemorrhagic shock, septic shock, disseminated intravascular coagulation, and multiple organ failure.
Discussion
Delayed PPH is a rare complication which occurred in 3.3% of the included patients, but it is associated with a high mortality rate as high as 35% in our review. Therefore, its timely identification and prompt management as proposed by the diagnostic and therapeutic algorithm (Fig. 4) is of critical importance to achieve a good outcome. The ideal cut-off for the definition of early versus late bleeding remains controversial and somewhat arbitrary. While the majority of the included studies used the fifth or the seventh postoperative day for the definition of late bleeding, the recent consensus statement of the ISGPS proposed a cut-off of 24 h. 9 This variability of definition induced a lack of homogeneity in the publications included in our review. The median onset of delayed PPH was reported to be within a range of 13 to 27 days postoperatively. Therefore, there remains a major risk of delayed PPH even after patient's discharge.
Different mechanisms inducing major bleeding from visceral arteries and veins are discussed. First, extensive skeletonization of the celiac axis and the superior mesenteric artery during lymphadenectomy or resection of the pancreas may injure the vessel wall. This may be due to thermal injuries by using electrocautery or to damages to the vascular outer layer during dissection. 24, 25 Secondly, postoperative leak of the pancreaticojejunostomy or hepaticojejunostomy may induce digestion of vascular structures by the erosive pancreatic or biliary juice, respectively. 2, 6, 11, 12, 17 In addition, subsequent abscess formation can also erode the vessel wall or a vascular anastomosis, e.g., after portal vein resection. In some few cases, local tissue destruction may disrupt ligatures and sutures, typically at the stump of the gastroduodenal artery. Finally, local vessel wall necrosis could be induced by mechanical pressure of a drain lying on a vessel or an ascending infection along the drain. 26 Typically, the stepwise and rather slow destruction of the vessel wall causes a pseudoaneurysm of a major visceral artery. The presence of a local abscess, mainly resulting from an anastomotic leakage (either pancreatic or biliary), was the most common risk factor, and was identified in 62% of all delayed PPH in our review. We also found that the majority (66%) of all delayed PPH were coming from an eroded or ruptured visceral artery. Since pancreatic leak and intraabdominal sepsis have been demonstrated to be independent risk factors of subsequent massive bleeding, 2,11,12,17 their prompt recognition and management represents the mainstay of delayed PPH prevention. In case of conservatively treated pancreatic fistula, some authors advocated a strict surveillance including a weekly CT angiography to detect the development of a pseudonaneurysm. 12, 14, 27 The term "sentinel bleed" was first introduced by Brodsky et al. in 1991 28 to describe intermittent minor bleeding (either intraabdominal or intraluminal) that sometimes precede delayed PPH. In our review, this preliminary event was identified in almost half of the patients before massive bleeding occurred. Yekebas et al. 15 showed that the coincidence of pancreatic fistula and a sentinel bleed, preceding delayed PPH, is associated with a mortality of 57%. If there was no sentinel bleed before PPH, the mortality was lowered down to 38%. On the contrary, Treckmann et al. 14 could not detect any mortality difference between patients with or without a preceding sentinel bleed. However, as delayed PPH is a highly lethal event, some authors suggested that any sentinel bleed after pancreatic surgery should lead to an emergency angiography. 11, 14, 15, 23, 29 Alternatively, the use of CT angiography, as proposed by Blanc et al., 18 is less invasive and also identifies pseudoaneurysm and associated complications.
Angiography was able to localize the bleeding source in almost 90% of cases. The false-negative angiographies could be due to the intermittent character of bleeding episodes. 5 If the bleeding source could not be identified, Yekebas et al. 15 suggested proceeding to a novel angiography after 6-24 h as long as the patient remains hemodynamically stable. "Blind" coiling of the gastroduodenal artery could also provide bleeding control after a negative angiography. The success rate of angiographic hemostasis was 80% in our review, which was close to the 76% of successful hemostasis obtained after relaparotomy. There was no statistically significant difference between both treatments regarding their respective success rate. In contrast, the mortality rate of the patients having initially undergone a relaparotomy was 47% versus 22% for those with primary radiological intervention. This difference reached statistical significance, favoring interventional radiology in term of mortality. However, this difference of outcome may reflect a selection bias as stabilized patients can be transferred to angiography, but those who are hemodynamically unstable require a crush laparotomy. The mortality rate after a delayed PPH is higher than the failure rate of hemostasis, emphasizing the fact that even after a successful hemostasis the underlying complications such as pancreatic leak and intraabdominal abscess have to be considered and treated. For that reason, some authors still prefer surgery as first-line therapy. 6, 30 On the other hand, patients with pancreatic leaks can be treated conservatively if no local or systemic inflammatory response occurs. 31 Intraabdominal abscess can be treated by a CT-guided percutaneous drainage, 32, 33 to prevent recurrent bleeding.
Different surgical techniques have been reported to prevent pseudoaneurysm formation. Turrini et al. 34 suggested performing the pancreaticojejunostomy far on the left side, away from the celiac trunk and portal vein to avoid direct contact of pancreatic juice with adjacent vessels in case of pancreatic leak. Kurosaki et al. 35 proposed to wrap an omental flap around the pancreaticojejunostomy to minimize anastomotic leakage. Koukoutsis et al. 20 described the spreading of the round ligament around the common hepatic artery after pancreaticoduodenectomy. The real benefits of all these technical modifica- The traditional treatment of delayed PPH has so far been surgery. However, surgical access to the bleeding vessel is always difficult because of the overlying pancreaticoenteric and bilioenteric anastomosis as well as the presence of postsurgical adhesions. The eroded bleeding vessel is also difficult to repair due to peripancreatic inflammation and vessel wall friability. 17, 26 With recent advances in interventional radiology, radiological hemostasis (e.g., coiling or stenting) was described as the preferred option in hemodynamically stabilized patients. 2, 12, 16, 23, [36] [37] [38] Bleeding arising from the gastroduodenal artery is the most frequently encountered in delayed PPH, representing half of all delayed arterial bleeding in our review. Bleeding coming from this artery may be difficult to control surgically, as reported by Balachandran et al., 17 where all three patients re-bled following surgical ligation of the gastroduodenal stump. In contrast, the gastroduodenal artery can easily be embolized. The second most common site of arterial bleeding is the common and the proper hepatic artery, which accounted for almost a third of all delayed visceral arteries hemorrhage included in the present review. Complete occlusion of these arteries by angiographic embolization can lead to intra-hepatic abscess as a result of liver necrosis, biliary ischemia, as well as fatal hepatic failure. 16, 23, 30, 39 To avoid these severe complications, the use of covered stent was described for the treatment of bleeding of hepatic arteries. 11, [40] [41] [42] However, anatomical reasons, such as kinking, and anatomical variations may impede successful stent placement. 21 Bleeding from the superior mesenteric artery (SMA), which occurred in 7.9% in our review, also inherits the potential risk of intestinal infarction subsequently to coil embolization. In 1998, Mc Graw et al. 43 first reported the successful use of covered stents for the management of a SMA pseudoaneurysm occurring after pancreaticoduodenectomy. Thus, if technically feasible, covered stents may represent the best treatment option in order to preserve a superior mesenteric and hepatic arterial flow.
Conclusion
Delayed postoperative bleeding after a pancreatic resection is a rare but highly lethal complication. The prompt recognition and treatment of risk factors such as pancreatic leakage and intraabdominal abscess is essential to prevent its deleterious outcome. Sentinel bleeding occurring after a pancreatic surgery needs to be thoroughly investigated for a pseudoaneurysm formation, and if detected, interventional angiography provides optimal management by avoiding collateral damage after major revisional surgery. Early angiography with embolization or stenting should be the procedure of choice in case of delayed bleeding, whenever possible. Surgery remains a therapeutic option if no interventional radiology is available, or patients cannot be resuscitated for an interventional treatment.
